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;  /"’Following  is  the  translation  of  an  article  by  Ye*  I*  Mamonov 
and  Yu*  I* '  Sharapov  entitled  priKsheniys  poluprovcdnikovykh  Briber  or 
v  Vycihie'litel* noy  Tekhrdke  (English  version  above)  in  wAvtoaatiehesfcj>« 
ye  tlpravleniye  i  \ryehislitel* n&ya  Tekhnlka”  (‘‘'Automatic  Control  and 
Computer  Technique 51 ),  Moscow,  1958 1  PP*  175-203  ,J . 


The  reliability  of  the  performance  of  an  electronic  dig! tel 
computer  containing  thousands  of  tubes  depends  to  a  considerable  de¬ 
gree  on  the  sound  performance  of  these  tubes  and  is  determined  by  the 
probability  of  tuba  failures  in  time.  The  reliability  can  be  increased. 

■A 

first  of  all  by  Keans  of  using  durable  parts. 

Meanwhile,  the  useful  life  of  heater-cathode  tubes  Is  compara¬ 
tively  short.  The  drawbacks  of  electron-tube  elements  are  also  a  high 
energy  consumption  and  large  dimensions „ 

Tm  useful  life  of  semiconductor  diodes  and  triodes  is  tens  of- 
times  longer  than  that  of  tubes.  Their  use  makes  it  possible  to  raise 
the  reliability  ef  the  machine  performance  and  to  reduce  the  expendi¬ 
ture  of  machine '  time  for  preventive  maintenance*  The  electric  energy 
consumption  is  also  reduced  by  tens  of  times. 
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So  far  the  best  results  have  been  obtained  through  the  use  of 
germanium  diodes  which  make  it  possible  to  reduce  sharply  the  number 
-of  electron  tubes  in  the  machines  and  raise  the  dependability  of  the 
circuits .  In  the  course  of  several  years  of  continuous  operation  only 


a  few  of  the  10  thousand  of  germanium  diodes  failed  in  the  machine 
BSSM  £\J* 

Widespread  introduction  of  semiconductor  electronics  and  also 
of  the  printed  circuits  and  other  small-sized  materials  and  parts  is 
one  of  the  most  important  trends  in  the  development  of  computers*  This 
makes  it  possible  to  broaden  the  area  of  the  application  of  the  new 
machines,  especially  in  the  small-sized  and  portable  control  devices 
and  systems  (aircraft,  ship,  automobile  and  other  equipment) . 

Being  considered  in  the  present  article  are  the  principles  of 
the  application  of  germanium  point-contact  and  .junction  tr lodes  and 
diodes  in  the  circuits  'of  the  automatic  digital  computers* 

The  use  of  point-contact  triodes  in  the  circuits  of  high-speed 
machines  is  based  on  two  principles*  One  of  them  is  based  on  the 


utilisation  of  N-shaped  characteristic  of  the 


triods  for  designing 


bistable  trigger  circuits,  automatically  oscillating  and  one-shot 


multivibrators  and  also  logical  circuits. 

Designed  according  to  a  different  principle  are  the  dynamic 


circuits  for  which  nonlinear  characteristic  with  negative  resistance 


is  not  obligatory 

More  widely  used  in  -the  computer  technique  are  germanium  jxinc- 
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tioa  tricdes  characterised  by  high  power  and  dependability  and  by  a 
considerably  smaller  zero  current, 

The  semiconductor  diodes  In  the  digital  computers  arc  utilized 
for  the  construction  of  logical  circuits  which  realize  the  basic  func-! 
tions  OR#  AND*  NO  and  in  particular  for  the  construction  of  a  circuit  : 
designed  for  decoding  and  used  for  the  automatic  switching  of  the  con¬ 
trol  signals.  Diodes  are  also  used  for  shaping  the  pulses  by  means  of 
limiting  and  damping  thesis  and  also  for  stabilising  the  voltage  lev- 


Diodes  are  also  used  in  one-way  devices  for  the  storage  of  con¬ 
stants.  table  values  and  other  permanent  information  f“ 2  7  which  is 
collected  beforehand  a  rad  is  only  road  at  high  speed  in  the  process  of 
solving  &  problem®  They  arc  also  used  in.  diode -capacitor  devices  for 
the  storage  of  information  /"*3  The  utilisation  of  the  passive  non¬ 
linearity  of  the  diodes  is  characteristic  for  these  purposes,  most  de¬ 
sirable  being  a  sharp  nonlinearity,  i*e*  high  tepedan.ee  in  open  cir¬ 
cuits  and  low  impedance  if  the  circuits  are  closed • 

Owing  to  the  attenuation  of  signals  in  the  circuits  with  passive 
elements  it  is  often  necessary  to  use  amplifiers*  j 


I  The  recently  discovered  properties  of  crystal  diodes  which  pro¬ 

vide  an  opportunity  of  utilizing  their  active  nonlinear! ties  are  of 
interest  *  This  pertains  to  the  germanium  point-contact  diodes  with 
S -shaped  characteristic  deformed  in  the  straight-line  direction  and  to 
junction  diodes  under  the  conditions  of  the  so-called  delayed  conduct- 


ance. 

The  frequency  of  the  electron -tube  elements  of  the  counting 
circuits  in  the  fastest  operating  computers  amounts  at  the  present 
time  to  about  10  megacycles  and  the  problem  of  increasing  the  rate  of 
the  computations  still  more  is  being  raised.  Therefore  the  semicon¬ 
ductor  devices  must  operate  at  a  higher  frequency. 

An  essential ' feature  of  the  principal  circuits  in  digital  com¬ 
puters  is  a  comparatively  high  level  of  the  electric  signals.  Part  of 
these  signals  is  used  for  the  presentation  of  information  in  accord¬ 
ance  with  the  program  and  the  ether  part  serves  for  control#  ! 

Another  distinguishing  characteristic  of  the  latest  machines  is 
the  use  of  tfens  of  thousands  of  semiconductor  elements.  At  the  pres¬ 
ent  time  information  is  available  on  building  machines  in  which  all 
the  basic  circuits  are  made  of  semiconductor  elements  £'kj»  [  2$Jt 

r&J,  pnl*  r.337. 

.Of  the  other  requirements  demanded  of  the  semiconductor  devices 
one  should  mention  the  uniformity  of  the  characteristics  of  the  same 
type  of  devices  which  secures  their  interchangeability  in  the  circuits. 
Another  requirement  is  an  adequate  stability  of  the  parameters  in  a 
wider  temperature  range.  Obviously,  as  the  result  of  the  development 
of  silicon  devices  the  possibilites  of  improving  the  parameters  will 
increase. 


ii 


» 

f 

! 


The  principles  of  the  Structure  of  Trigger 
Circuits  with  -Point-Contact  Geraanium  Tried es . 


TKEGCEERS.  When  a-  resistor  is  connected  to 

:  f 

,  the  base  circuit  of  a* , point -cents c- i  triode  having  a  sufficient  ampli¬ 


fication  factor  M>  there  is  created  a . positive  feedback  between  the 
emitter  and  collector  circuits*  The  actual  condition  of  the  presence 


of  negative  characteristic  regions  in  a  circuit  with  tried©  indicates 
that  the  value  of  a  should  be  as  high  as  possible  since  in  that  case 
the  operating  conditions  are  lightened  /"\7 i 


me: re.  r,  -  r,  and  r . 
a  d  c 


are  equivalent  triode  resistances j 


It  ,  fl  and  1  the  resistors  in  the  collector,  emitter  and  • 
base  circuits* 

proceeding  from  the  condition  (1),  with  a.  higher  ct  the  Mag¬ 
nitudes  R0,  E^,  and  %  say  be  larger  in  the  presence  of  the  necessary 
and ' controllable  circuit  instability  which  is  advantageous  from  the 
standpoint  of  lightening  the  electric  operating  conditions. 

Circuit  diagram  shown  in  Figure  1  may  be  utilized  for  a  char¬ 
acteristic  of  $fae  operating  conditions  of  a  trigger  with  two  stable 
states*  In  this  process  the  curve  Ue«f'i(ls)  must  be  intersected  by 


$ 


I 

f 


the  load  line  at  three  points t  j 

O  Oj  4*  TK  {I  —  ft) 

Rt<  Ri~iuJ?^rw  ■ 

Two  of  those  points  (b  and  v)  are  stable  and  the  crossover  from 

one  point  to  the  other  is  accomplished  in  avalanehs-like  fashion*  The 

1  « 

graph* I^afgCl  )  shews  the  character  of  the  gap*  For  the  connection 

with  the  circuits  of  the  computer  arithmetic  and  other  devices  in'  the 
make-up  of  which  there  are  bistable  trigger  cells,  the  collector  cir~ 

■  y  ■  •  « — »  * 

cult  is  usually  utilized  as  being  more  powerful.  It  is  necessary  to 
send  to  the  emitter'  pulses  of  alternating  polarity.  This  is  the  draw- 

f 

| j  back  of  the  circuit*  A  pulse  of  positive  polarity  should  be  sent  when 
the  trigger  is  in.  position  b,  the  amplitude  of  the  pulse  having  to  be 
larger  than  the  magnitude  bA  counted  off  along  axis  Ue*  If  however, 
the  trigger  is  in  the  position  v,  then  a  pulse  of  negative  polarity  is 
sent,  this  pulse  having  to  be  larger  than  the  magnitude  v*>. 

However,  owing  to  instability  (for  example,  owing  to  the  tem¬ 
perature  instability)  and  the  spread  of  the  triad©  characteristics 
such  trigger  circuit  is  of  little  applicability  in  practice*  The 
basic  method  for  the  improvement  of  similar  circuits  is  incorporation 
of  diodes  and  resistors  in  the  triode  electrodes  circuit*  Thus,  for 
example,  the  incorporation  of  a  diode  and  transmission  of  positive 
bias  voltage  to  the  base  circuits  (dotted  line)  makes  it  possible  to 
fix  point  A  of  the  break  of  the  H~typa  characteristic  and  improve 
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at  the  same  time  the  sensitivity  of  the  trigger  to  starting.  The  pos¬ 
ition  of  this  point  is  affected  by  the  change  in  the  magnitudes  of 

and  ll^o  The  voltage  Ue  at  point  i  determined  chiefly  'by  the 
direct  resistance  of  the  diode,  is  reduced  by  several  tens  of  times 
upon  this  change  in  the  circuit  and  amounts  to  tenths  of  a  volt.  At 
the  same  tim®  point  D  is  sufficiently  stable. 


Figure  1.  Characteristics  tJe»f^(le)  and  Ic=f g(Xe) 
of  a  circuit  with  point-contact  tried©* 

A  large  number  of  circuits  with  point-contact  tr lodes  are  used 
in  practice  f’6j  ~  /”l?  7«  We  shall  consider  below  only  some  of 
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these  circuits* 

The  drawback  of  the  -  trigger  circuit  shewn  in  Figure  is  that,  in 
order  to  switch  it  from  one  balanced  state  to  the  other  it  is  neces¬ 
sary  to  send  pulses  of  different  polarity*  By  means  of  dividing  E© 
into  two  series  “■connected  resistors  and  connecting  the  junction  points 
between  them  to  the  base  of  the  diode  (the  plus  terminal  -  to  the  base)] 
it  is  possible  to  achieve  the  starting  of  the  circuit  with  single-pol¬ 
arity  pulses* 

Xn.  a  number  of  devices,  for  example  in  adders  and  registers, 
for  the  control  and  for  connection  with  other  circuits  it  is  necessary 
to  pick  up  s faults neously  from  the  trigger  sufficiently  powerful  stat¬ 
ic  signals  corresponding  to  both  states.  For  .this  purpose  it  is  most 
convenient  to  utilize  the  collector  circuits*  In  the  circuit  diagram 

9 

shown  in  Figure  3?  -a  low  potential  may  be  picked  off  from  the  collect¬ 
or  of  the  left  leg  and  a  high  potential  -  from  the  collector  of  the 
right  leg.  In  the  transition  of  the  circuit  from  one  state  to  the 
other  the  potentials  of  the  legs  are  changed  to  opposite  potentials 
and  during  this  the  switching  has  avalanche-type  character  as  the  re¬ 
sult  of  the  availability  of  the  feedback.  The  switching  rate  is  de¬ 
termined  by  the  circuit  parameters  and  the  frequency  characteristic  of 
the  tried©  when  the  signals  are  large.  Single-polarity  pulses  may  be 
utilized  to  accomplish  the  switching. 

For  quenching  to  zero  or  for  setting  up  unity  it  is  necessary 
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sion  of  the  emitter  circuits  of  the  triodes.  Resistors  R^IO  R‘b 
comprise  about  10  kilohms ,  RQ*1  *■  2  kilohras  and  Rc  -  several  kilohms* 
The  voltage  U0^-(1(0  *  £0  )  volts*  leakage  resistance  S«10  %  20  kil- 
ohms*  Capacitors  bypassing  resistors  Rj*10  f  20  kilohms  are  intended 
for  speeding  up  the  transmission  of  high-frequency  signal  components 
in  the'  feedback  circuit  during  tbs  changing  over  of  the  circuit  .fro* 
one  state  to  the  other*  The  coupling  capacitor  between  the  emitters 
also  serves  for  accelerating  the  transition  process* 

The  trigger  circuits  considered  war-©  used  as  the  foundation 
for  the  design  of  one-way  and  reversible  adders  and  also  for  designing 
adders  operating  in  serial  and  parallel  fashion  in  which  the  binary 

t 

number  system  is  usually  used* 

By  using  N-typ©  characteristics  of  the  point-contact  triodes 
there  can  also  be  easily  constructed  some  logical  circuits  CR,  NO, 
one-shot  multivibrators  designed  for  a  temporary  delay  of  a  signal, 
regenerative  amplifiers  of  pulse  shaping  and  others*  The  circuit 

diagram  shown  in  Figure  may  be  used  as  the  foundation  of  these  devices. 

A 

For  example,  by  sending  to  the  emitter  the  voltage  gap  and  a  pulse  in¬ 
stead  of  the  bias  magnitude  Us  it  is  possible  to  realize  the  logical 
function  AND  or  NO  for  two  input  signals.  The  appearance  of  the  out¬ 
put  signals  in  these  circuits  depends  on  the  combination  of  the  input 
signals  * 

The  maximum  frequency  of  the  circuits  operating  on  this  prin- 
eiple  and  used  in  practice  amounts  to  about  100  kilocycles  per  second  | 
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and  the  duration  of  the  transition  processes  -  to  several  tenths  of  a 
microsecond*  First  of  all,  these  parameters  depend  on  the  design  of 
the  tried  proper  and  on  its  characteristic  in  the  region  of  high  fre¬ 
quencies*  One  of  the  external  methods  of  raising  the  operation  fre¬ 
quency  of  the  triodes  in  the  circuits  of  computers  is  a  decrease  in 
the  saturation  depth  and  in  the  amount  of  charge  accumulation  in  the 
base  during  the  svitche'd-on  state.  This  is  achieved  by  incorporating 
in  the  emitter  and  collector  circuits  diodes  which  limit  the  maximum 
values  of  the  currents. 
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Figure  iu  The  basic  diagram  of  a  dynamic  trigger. 


J  DYNAMIC  TRIGGERS.  Dynamic  trigger  with  point-contact  triode  is 

I  is  based  on  the  same  principle-  as  a  similar  tube  circuit  £\ 3_/«  hike 
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the  static  trigger  it  can  have  two  states  -  0  and  1.  Ho  signals  ar~ 
rive  at  the  output  in  the  state  0  and  in  the  state  1  there  are  pulses 
of  a  definite  fixed  frequency  at  the  output. 

The  basic  element  of  the  dynamic  trigger  circuit  with  point" 
contact  triode  developed  at  the  Institute  of  Precision  Ifechanics  and 
Coinoater  Technique.  Academy  of  Sciences  USSR  f"lh  /  is  the  pulse  am** 
plifier  (Figure  li).  On  the  input  of  the  amplifier  thex-e  is  a  recti¬ 
fier  on  which  arrive  at  a  fixed  rate  and  amplitude  standard  pulses 
called  the  main  pulses  (HP).  From  the  amplifier  output  the  pulses  are 
sent  to  the  memory  capacitor  C  designed  for  the  maintenance  of  a  high 
potential  on  the  rectifier  control  input  in  the  interval  between  the 
pulses.  In  the  amplifier  circuit  is  used  the  point-contact  triode 
C  1  X>  or  G2B  and  a  series -type  rectifier.  The  signal  voltage  deliv¬ 
ered  on  the  amplifier  represents  the  sum  of  the  voltage  on  the  capac¬ 
itor  C  and  the  voltage  of  the  pulse  HP  arriving  from  the  transformer. 

'When  there  is  zero  potential  on  the  memory  capacitor,  the  rec¬ 


tifier  is  shut  off  * the  pulses  do  not  pa  4  S  V *  i iTO  *U  j:^5j  tiXi Cl  the  trigger  is  ; 

in  0  state.  'Upon  the  arrival  of  the  unity  pulse  a  high  potential 
is  set  up  •which  keeps  the  rectifier  on  for  some  time.  The  first  pulse 
HP  passes  through  the  amplifier  and  through  the  feedback  circuit  and 
charges  the  memory  capacitor.  This  makes  possible  the  passage  of  the 
next  pulse  MP  and  so  forth.  Upon  the  arrival  of  the  zero-setting 
pulse  the  memory  capacitor  is  discharged,  the  rectifier  is  shut  off 
and  atoms  the  admission  of  the  pulses  MP. 
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Serving  for  the  suppression,  of  undesirable  fluctuations  which 
jaay  arise  upon  the  admission  of  pulses  is  resistor  which  is  connect- 
ed  serially  to  the  secondary  winding  of  the  transformer*  In  order  to  j 
prevent  frequency  distortion  this  resistor  is  bypassed  by  the  capac¬ 
itor  Cy*X$0.  micromiorofarads*  The  memory  capacitor  is  bypassed  by  the 
yesistor  R»i00  Mlohms  which  increases  the  stability  of  the  time  con- 
■  start ‘of  the  memory  capacitor  discharge*  This  reduces  the  dependence 
of  the  capacitor  ,on  the  reverse  resistance  of  the  diodes  D-p  and  Bg  and 
of  the  tried©*  The  time  constant  should  be  £-10  times  greater  than 
the  period  of  the  pulse  train.  In  addition,  the  constant  voltage  on 
the  capacitor  from  the  bias  source  Eg  in  the  zero  setting  circuit  is 
; reduced  to  a  minimum  since?  the  magnitude  of  R  is  considerably  less 
than  the  reverse  resistance  of  the  diode  D.^«  Constant  positive  bias 
is  transmitted  to  the  base  of  the  triode  connected  in  conformance  with 
the  grounded-base  configuration.  In  the  collector  there  is  a  pulse 
transformer  one  winding  of  which  is  utilized  for  sending  the  feedback 
signal  through  the  diode  to  the  capacitor  C*  Resistor  Eg  and  the 
capacitor  Cg  form  a  filter  in.  the  feed  circuit. 

The  circuit  considered  is  characterized  by  adequate  reliability 
and  the  circuit  triodes  operate,  relatively  stably.  Reliability  may  be 
estimated  by  the  difference  between  the  maximum  value  of  the  base  bias 
E]  at  which  the  unity  state  proves  to  be  unstable  and  the  minimum 
value  of  the  base  bias  Ej  ffiin  at  which  the  aero  state  is  unstable t 

A  2"Si,  nsx  “  %  min* 
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This  difference  called  reliability  margin  is  equal  to  U-6  volts 


■without  Iced*  The  higher  the  Of  ,  the  larger  the  reliability  margin 
of  the  circuit.  - 

Perming  on  the  output  of  such  a  trigger -are  pulses  of  100  mil¬ 
livolt  power  and.  the  potential  on  the  capacitor  makes-  it  possible  to 
achieve  the  feeding  of  3-»b  rectifiers  of  the  type  mentioned, 

dynamic  trigger  has  the  following  advantages  over  the  static 
triggers  only  one  triode  and  a  small  number  of  parts  are  necessary  for 
its  construction*  The  triode  is  used  in  the  pulse-type  mode  of  opera¬ 
tion  which  makes  the  conditions  of  its  operation  easier  and  increases 
the  economy  of  the  circuit.  No  particularly  rigid  requirements  are  de¬ 
manded  of  the  triode  carsmute 
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Figure  5«  An  oscillogram  of  dynamic  trigger  performance 
upon  arrival  of  zero-setting  and  unity-setting 
pulses  every  h  microseconds* 


An  important  advantage  is  also  the  quick  operation  of  the  cir¬ 
cuit*  The  trigger  operates  at  the  main-pulse  repetition  rate  of  $00 
kilocycles  per  second  (Figure  5} .  The  high  rate  of  the  trigger  opera- 


) 


tion  is  possible  earing  to  the  circumstance  that  the  point-contact  tri- 
|  odes  have  good  frequency  character! sties  in  which  respect  they  differ 
to  advantage  from  the  junction  iriodes ,  A  dynamic  trigger  with  junc¬ 
tion  triodes  is  constructed  according  to  an  ana la gous  system  with  the 
©sceptical  that  the  trio do  is  incorporated  in  accordance  with  the 
grounded -emitter  configuration.  However,  owing  to  poor  frequency  pro¬ 
perties  of  the  existing  junction  iriodes  such  a  trigger  is  character- 
deed  by  low  frequency  under  the  conditions  of  saturation.  When  operat-j 
ing  with  small  signals,  the  power  of  such  a  trigger  will  be  inadequate «J 
Just  the  same,  in  many  cases  the  junction  triodes  have  advantages  over 
the  point-contact  triodes. 


Trigger  Circuits  with  Crystal 
junction  Triodes . 


OHARA CTEE3STTC  0?  JUNCTION  TRIODES  OPERATING  WITH  LARGE  SIG¬ 
NALS.  There  are  distinguished  three  regions  of  operation  of  the 
tj.cn  triodes*  the  region  of  the  collector  current  cut-off,'  the  region 
of  linear  dependence  between  the  input  and  output  signals  and  the  re- 
jgiens  of  the  collector  current  saturation  £^SJ*  In  the  saturation  re¬ 
gion.  the  voltage  between  the  emitter  and  collector  comprises  hun¬ 
dredths  of  a  volt.  If  the  arriving  signals  are  small.  the  triode 
operates  primarily  In  the  region  of  linear  dependence. 

In  the  circuits  of  computers  the  junction  triodes  are  used  in 
an  overwhelming  majority  of  esses  under  the  conditions  of  large  sig- 


io 


I 

t 

I 


na2s#  i«e.  only  in  the  cut-off  region  and  in  the  region  of  current 
saturation,  the  cost  essential  characteristic  of  the  triodes  being  the 
switching  time.  In  the  switching  devices  the  Junction  triodes  are 
utilized  ch?efly  according  to  the  gro unded -sh! t ter  configuration.  This 
secures  the  highest  amplification  with  respect  to  power,  cakes  it  pos¬ 
sible  to  reduce  the  'current  for  control  and  also  to  obtain  an  almost 
ideal  changeover  switch. 

One  of  the  most  important  parameters  of  a  junction  triode  is 
amplification  et*  with  r aspect  to  base  current*  . 


t 


Figure  6,  Diagram  of  the  reading  of  pulse 

characteristics . 


In  the  absence  of  input  signal,  the  triode  is  normally  cut  off 
■,nd  passing  through  the  collector  is  a  small  current  which  does  not 
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exceed  a  few  tens  microamperes  in  the  normal  operation  of  the  triode 
(Figure  6)*  During  this,  the  voltage  on  the  collector  is  close  to  the  | 
voltage  of  the  power  supply  When  a  negative  si goal  arrives  at  the  j 
input  the  triode  is  triggered.  The  minimum  magnitude  of  the  negative 
voltage  on  tha.base  required  for  this  is  called  the  base  voltage  of  the 
collector  current  cut-off  vh.cut  ^0T  triodes  P  1  £  -  P  1  I 
!it  amounts.,  to  about  0,1?  volts.  At  a  definite  value  of  the  base  cur¬ 
rent  the  triode  is  saturated  and  the  voltage  or,  its  collector  Vk.sat 

.  I 

comprises  0*03-0,07  volts  and  the  current  is  determined  by  the  load 

.  r'  ■  •  ~ '  ' 

resistance  Rk  and  voltage  The  base  current  at  the  saturation 
threshold  of  the  collector  will  be  equal  to 

S*  /Av,  l **  t 


where  {«*  is  the  average  value  of  (PC  corresponding  to  the  amplit  ude 
c 

of  the  collector  current  from  the  cut-off  to  saturation. 

The  collector  current  cannot  increase  upon  further  increase  in 
in  the  bass  current.  The  voltage  on  the  base  is  determined  by  the  in¬ 
put  characteristic  of  the  triode  (Figure  7)«  The  voltage  on  the  base 
v,  ,  +  with  a  definite  base  current  Iv  gat  may  be  taken  as  the  par- 
araeter  of  the  input  circuit. 

Let  us  consider  the  response  of  the  amplifier  to  a  short  nega¬ 
tive  pulse  having  steep  fronts  (see  Figure  6  b),  Upon  the  delivery  of 
such  a  pulse  at  the  input,  the  voltage  on  the  collector  does  not  in¬ 


crease  to  zero  at  once  but  in  the  course  of  certain  time  t0  which  char- 
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acteriaerj  the  duration  of  the  forward  pulse  front  on  the  output  in¬ 
cluding  the’ delay*  After  the  sending  of  the  Input  puls©  la  dlscontin 
tied  the  voltage  on  the  collector  remains  the  same  for  soma  time  and 
passing  through 'the  "base  and  collector  is  the  space-charging  current. 
When  the  concentration  of  the  holes  near  the  collector  junction  reaches 

i 

•the  equilibrium  value  ‘£"17 jft  £*1  QmJ  the  collector  current  begins  to 
diminish  slowly  (time  tg)*  Tima  -during  which  the  collector  cur¬ 
rent  preserve?  constant  magnifej.de  during  the  spacing-charging,  depends 
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Figure  7*  Input  characteristic  of  the  tried®  P  1  ,E  utoen 
EjjJB-lO  volts  and  3^*2  kilohae* 

on  the  degree  of  the  saturation  of  the  tried©  and  theoretically  can  be 
reduced  aero*  la  this  case  the  magnitude  of  'the  input  signal  corres¬ 
ponds  to  the  threshold  of  saturation.  Magnitudes  t0,  ip  t2  depend 
both  on  the  parameters  of  the  triads  and  on  its  operating  conditions 
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determined  by  the  parameters  of  the  external  circuit  £  jlo j„ 

The  amplification  factor  ©t*  may  be  considered  to  be  constant 
with  respect  to  the  base  current  only  Then  operating  with  small  sig¬ 
nals.  Its  magnitude  depends  on  the  emitter  current  and  is  appreciably 
reduced  when  the  currents  are  large  £”19  "J <,  This  circumstance  should 
be  taken  into  consideration  Then  operating  with  large  signals.  j 

The  mxitsm  permissible  magnitudes  characterising  the  triode  aref 
I^per*  er,  pk>por.  Having  a  particularly  important  significance 
among  other  parameters  is  the  dark  current  Iko  Passing  through  the 
col3a ctor  and  base  in  the  .positive  direction  when  the  value  of  the 
emitter  currant  is  aero-.  Also  of  gn  important  significance  is  the 
magnitude  of  the  aero  current  1*^,  this  magnitude  being  defined  as 
the  collector  current  when  the  base  current  Is  zero  (i.e.  for  the  case 
•Then,  the  base  circuit  is  broken).  In  the  junction  tr lodes,  this  cur¬ 
rent  reaches  several  hundreds  microamperes  and  in  the  case  of  poor  tri~j 
odea  may  be  more  than  one  milliampere.  If  the  base  of  the  triode  is 
grounded  through  the  resistor  Eb,  then  in  the  absence  of  a  signal  the 
collector  current  will  have  the  mean  value  between  IjjQ  and  This 

value  will  be  the  smaller  the  smaller  Rb  is.  If  Ik0  exceeds  the  max¬ 
imum  permissible  value,  then  the  value  of  1*^  is  also  large  which  is 
not  permissible. 

STATIC  TRIGGER.  There  exist  many  variants  of  a  circuit  trigger 
circuit  with  junction  triodes  £"20 J,  £*2\7«  The  operating  frequency 
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>es  not  exceed  one  bun- 


0f  such  triggers  is  usually  low  and  as  a  rule  does  not  exceed  one  bun- 
dr-^-d  kilocycles  oer  second.  The  appearance  of  nw  M^-freqnency  sur¬ 
face -harrier  triodos  will  raise  t he  operating  frequency  a.  cove  one  s:cyfi.« 
cycle  per  second. 


l\  ‘Hri  X 

I  n  *d 


I  Figure  8,  Trigger  circuit  in  junction  triodes. 

At  the  Institute  of  Precision  Mechanics  and  Computer  Technique , 
Academy  of  Sciences  USSR,  there  was  investigated  the  possibility  of 
constructing  fas t-opera ting  switching  circuits  and  first  of  ail  the 
basic  memory  element  -  a  trigger  with  the  use  ox  junction  triodes  PI  K 
-  P  1  I  (Figure  8-5.,  £“23,7" 

j  In.  the  design  it  is  taken  that  every  triads  can  have  two  stable 

states*  collector  current  saturation  and  cut-off.  In  the.  state  of  sat¬ 
uration  »  the  potential  on  the  collector  is  about  the  same  for  all  tri- 
odea  and  amounts  to  vk#8at  -  ~(0.03  I-  0,0?)  volts.  In  the  cut-off 
I  state  the  eolle  ctor  potential  is  equal  to  the  limiting  voltage  *%<• 
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When  switching  the  trigger  the  duration  of  the  transition  process  is 
determined  by  the  space -charging  time  and,  consequently,  the  elements 
of  the  circuit  must  be  appropriate  to  the  shortest  space-charging  tiraej 
The  reduction  in  the  duration  of  the  rear  front  is  also  achieved,  by 
the  introduction  of  the  limiting  voltage  20. 

In  order  to  reduce  the  space -charging  time  the  resistance 
R«  must  be  as  lew  as  possible  and.  its  magnitude  is  determined,  by  the 

per4 


permissible  collector  current  1^.  Thus,  if  I u.rv»r  82  •*£  milliam:- 


peres  and  Ejc=  -10  volts,  then  % 


ft,  K 


‘t  per 

=2  kilohms  „ 


^k.por 


The  conducting  tried©  is  kept  in  the  saturated  state  at  the 
expense  of  it's  base  current  1^,  which  must  be  larger  than,  the  current 
Ip  and  have  a  certain  margin,  for  higher  reliability  of  the  circuit. 
The  total  current  passing  through  the  resistance  is  equal  to  the 
Em  of  the  current  •  and  the  current  passing  through  the  leakage  re' 
sistan.es  Rv.  and.  since  the  latter  causes  useless  losses,  its  magnitude 
should  not  exceed  20-30%  of  the  value  of  1^* 

The  magnitude  of 


Rh 


■+'  'h>6 


inhere  Z1  is  equal  to  the  difference  between  E0  plus  the  voltage  drop 
on  the  direct  resistance  of  the  diode  vB  and  the  voltage  on  the  base 
of  the  triode  (vv  „,.j.)s 

Eq  ~~  Ea  -f  vd  —  vb  mt 


—  23,  — 


0,5  m* ill! amps 


I  A  very  responsible  element  of  a  trigger  circuit  is  capacitor  G 

i  .  • 

i  designed  not  only  for  speeding-up  of  the  voltage  transmission.,  as  in 

| 

|  tube  circuits,  but.  also  for  the  transmission  of  the  trigger  and  space- 
charge  currents  to  the  triodes  until  the  establishment  of  a  stable 
state,  ..  If  the.. capacitance  is  too  small,  then  this  hinders  the  trigger¬ 
ing,  and f if  it  is  too  large,  then  a  high  saturation  takes  place  during 
'the  time  immediately  after  the  changeover  and  this  reduces  the  quick 
operation  of  the  trigger* 

The  starting  of  the  trigger  can  be  accomplished  both  by  the 

.  ✓ .  *  -  -  *  - 

positive  and  negative  pulses  delivered  to  the  collector  or  to  the  base. 
Altogether  there  exist  eight  different  variants  for  starting,  the  best 
(results  being  given  by  the  variants  shofm  in  Figure  9*  In  this  cir¬ 
cuit,  corresponding  to  the  state  «1«  is  the  negative  potential  on  .the 
right  triode.  Separate  triggering  by  the  negative  unity  and  zero 
setting  pulses  delivered  to  the  base  is  the  most  economical  one. 

The  starting  pulse  acts  on  the  tried  and  triggers  ;lt*  The  current  re¬ 
quired  for  this  slightly  exceeds  and  the  voltage  on  the  base 

cannot  exceed  vQ  aat  »  0*2  f  0*3  volts.  The  chains  and 
increase  the  input  resistance  (C-j  and  serve  for  the  compensation 
of  the  input  capacitances  of  the  triodes).  The  maximum  frequency  of 
the  trigger  during  this  dees  not  exceed  $00  kilocycles  per  second  since 
the  rear  front  (the  cut-off  time)  determined  by  the  space -charging 
comprises  about  .2  microseconds , 

A  considerably  higher  rate  is  secured  by  another  method  of 
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separate  starting  called  "accelerated  triggering".  With  this  method, 
there  are  sent  to  the  collector  circuit  power  pulses  which  are  deliv¬ 
ered  on  the  unity  and  soro  setting  inputs  of  the  emitter  repeaters  T-j 
and  T),.  For  example,  if  the  trigger  is  in  the  ..position  «1*  and.  a  gig- 

M- 

nal  is  delivered  on  the  input  of  B0,sg,  then  the  triode  is  triggered 
and  since  its  output  resistance  decreases  to  about  10  ohms,  the  poten¬ 
tial  at  point  A  is  reduced  to  the  negative  level  of  E0*  If  the  ampli¬ 
tude  of  the  input  pulse  exceeds  E0,  then,  the  potential  Is  reduced  still 
more.  During  this,  the  triode  T?  is  quickly  triggered  (during  the  time 
of  about  Oo3<*0«5  microseconds),  the  potential  at  point  B  increases, 
and  the  triode-  T-j  will  be  cut  off.  Its  spacebar  ge  current  does  not 
pass  through  the  resistor  R-j  but  through  the  triggered  triode  aad'the 
space  charge  occurs  very  quickly,  in  about  0,/~>  micoreeconds .  With 
the  accelerated  starting,  the  forward  and  rear  fronts  of  the  voltage 
gaps  are  equal  to  about  0«£  microseconds  which  .secures  reliable  trigger 
operation  at  the  frequency  of  1  megacycle  per  second,  with  the  power  of 
the  input  pulses  being  about  50  millivolts. 

The  best  variant  of  starting  through  the  adder  input  is  the 
transmission  of  positive  pulses  having  a  voltage  of  1.5-fi  volts  through 
the  diodes  D3  and  Du  (Figure  9) .  Tbs  sensitivity  of  the  trigger  with 
respect  to  the  starting  may  be  regulated  by  means  of  varying  the  pos¬ 
itive  bias  E  «  0*3  *•  0.5  volts.  The  maximum  frequency  during  this. 

CE  ♦ 

depends  to  a  considerable  degree  on  the  quality  of  the  tr lodes.  The 
larger  the  value  of  CK*  t  the  higher  the  frequency..  Frequency  of  300 


f 


kilocycles* per  second  Bay  be  considered  normal  'but  for  some  tr lodes 
P  1  E  ($e  »  60  f  60)  and  for  iriodes  P  1  I,  the  frequency  may  amount 


to  500  kilocycles  per  second  and  higher 


re  10) * 


TRIGGER  WITH  DIRECT  COUPLINGS,  Circuits  with  direct  couplings 

began  to  be  built  after  the  discovery  of  surface-barrier  trio dee  £  thjf 

•which  because  of  their  parameters  and  characteristics  proved  to  be  the 

most  Buita.bl.es  ones  for  the  construction  of  such  circuits  f  2 5  7*  /<&  7* 

However,  some  junction  triodes  may  also  be  used  in  these  circuits* 

Called  direct  coupling  is  such  a  coupling  between,  the  collector 

and  the  bs.se  which  is  achieved  without  any  intermediate  elements* 

The.  chief  advantage  of  such  circuits  is  their  simplicity  and 

' 

operating  stability  which  is  achieved  through  the  absence  of  intermed¬ 
iate  capacitors  *  Like  the  usual  static  trigger,  a  trigger  with  direct 
couplings  (Figure  11)  has  two  stable  states  of  equilibrium.  In  each 
one  of  these  states  one  tried  is  cut  off  and  the  other  one  is  being 

saturated*  The  ootentisl  V,  ,  amounts  to  only  0.03-0.07  volts  on 
•  K  sau 

the  triode  collector  in  the  state  of  saturation*  If  this  potential  is 
less  than  the  base  cut-off  voltage,  i.e*  if  |vk  satj<\  cut>  then  the 
other  triode  the  base  of  which  is  connected  directly  with  the  collector 
of  the  conducting  triode  will  be  cut  off,  the  voltage  on  the  collector 
of  the  cut-off  triode  being  equal  to  the  voltage  on  the  case  of  the 
conducting  triode  gat.  In  this  case,  passing  through  the  load 
resistance  of  the  cut-off  triode  is  the  base  current  of  the  conducting 


gger  started  to  the  base;  b  -  trigger  with  accelerate 
gj  c  ~  trigger  with  counting  input. 
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triode,  this  current  securing  the  saturation  state  of  the  conducting 
triode  and  consequently,  the  stability  of  the  overall  state  of  the 
circuit.  Upon  the  changeover  of  the  trigger  from  one  state  to  the  j 

other,  the  voltage  difference  on  the  collector  is  defined  by  the  par¬ 


ameters  of  the  triodes t 


Av**b  sat  **  sat* 


(k) 


Shown  in  Figure  12  in  a  single  coordinate  system  is  a  family  of 
the  collector  and  base  characteristics  of  the  tried©  P6B.  The  measure-! 
ment  points  at  which  the  triodes  may  be  located  arc  defined  by  the  ixt™ 
terssetion  of  the  load  line  AB  with  the  characteristic  curves  of  the 
triode.  Determined  at  point  lb  is  the  voltage  on  the  base  sat  an<^ 
and  the  base  current  Xb  at  of  the  conducting  triode.  The  voltage  and 
the  collector  current  of  this  triode  are  determined  at'  point  Ik  where 
the  line  AB‘  is  intersected  by  the  corresponding  collector  characteris¬ 
tic  «  The  intersection  of  the  perpendicular  dropped  .from  the  point 
Ik  onto  the  axis  of  the  abscissae  with  the  base  characteristic,  defines 
the  base  current  of  the  cut-off  triode,  the  value  of  this  current  ap¬ 
proaching  ?*ero 0  The  collector  of  the  cut— cut  trxode  xs  also  1 1  anu 

is  defined  on  the  collector  characteristic  corresponding  to  the  base 
voltage  vb  »  vk  saf 

It  is  efficient  to  achieve  the  starting  of  the  trigger  with  the 


lid  of  auxiliary  triodes  (see  Figure  11  b).  The  starting  triodes 


A1 


n 


and  Tj,  are  energised  with  negative  pulses  to  saturation  and  owing  to 


J 


h  h 


...a) 


Figure  11.  Direct -coupled  trigger t 


a  -  trigger  circuit j  b  -  trigger  with  triads  starting. 


this  the  voltage  on  the  collector  of  the  corresponding  triode  approach¬ 
es  zero.  The  starting  triode  must  be  in  the  state  of  saturation  unti 
the  changeover  process  is  completed,  the  duration  of  this  process  .beta 
determined  by  the  space-charge  time. 


/See  page  BSb  for  Fig”.  IS^y 


;  la  the  case  under  consideration*  the  space-charge  time  is  fire- 

j  quently  very  considerable  when  the  usual  junction  tr lodes  are  used  and 
only  the  surface-barrier  triodes  can  secure  the  high  rate  of  operation, 
With  the  junction  triods  P  1  I,  these  circuits  can  operate  only  if  the 
frequency  comprises  several  tens  kilocycles  per  second  idth  the  feed  j 
voltages  being  0«$  volts  and  higher.  In  order  to  reduce  the  degree  ! 
of  saturation.  in  the  direct-coupled  trigger*  triodes  frith  a  small  valtsi,b 


of  «3»C »  are  very  adequate  and  secure  a  shorter  flip-flop  time. 


Diode  Memory  Elements 


JUKCf ION-DIODE  TRIGGER,  The  feasibility  of  creating  such  a 
trigger  in  principle  is  founded  on  the  property  of  the  junction  diodes 
to  operate  as  amplifiers  of  the  power  of  the  short -duration  pulses 
/'"?.!  7*  /“28  7*  /~29  7*  This  property  is  explained  by  the  well-known, 
phenomenon  of  the  conservation  of  the  minority  carriers  (holes)  for 
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!  s one  time  after  the  passage  of  the  forward  current.  During  this  time 

! 

j  and  until  the  termination  of  the  space -charging  process,  the  Junction  : 

!  I 

diode  has  a  high  reverse  conductance.  Serving  as  the  power  supply 

source  in  the  diode  amplifier  the  circuit  diagram  of  which  is  shown  in! 


Figure  13,  is  the  generator  of  the  main  pulses  MF.  In  the  absence  of  i 
an  input  signal  the  diode  D?  is  off  all  the  time. 

In  order  that  the  diode  not  be  triggered  in  the  interval  be- 

I 

tween,  the  pulses,  it  is  necessary  to  transmit  the  fixed  bias  E  which  j 

j 

is  equal,  to  the  voltage  amplitude  of  the  main  pulses  divided  by  the  : 

ratio  of  the  average  pulse  spacing  to  the  average  pulse  duration.  Thej 
.  i 

pulse  arriving  at  the  amplifier  input  triggers  the  diode  and  forward 

current  begins  to  flow  through  it,  l.e.  there  occurs  the  so-called 

"ignition’1.  During  this,  an  increased  concentration  of  holes  develops  j 

in  the  semiconductor  crystal.  The  high  reverse  conductance  lasts  un-j 

j 

til  the  concentration  of  the  holes  near  the  p  -  n  Junction  is  re-; 

i 

duced  to  the  equilibrium.  vain© «  This  period  will  be  the  longer  the  j 

smaller  the  current  flowing  through  the  diode  in  reverse  direction.  i 

If  a  pulse  MF  arrives  at  this  time,  it  passes  through  the  diode  and  ! 

| 

the  load  Rj,  The  power  of  the  output  pulse  is  determined  by  the  load  j 
resistance  and  by  the  amplitude  of  the  pulses  KP,  and  the  power  neces- j 
sary  for  “igniting"  the  diode  is  not  great  and  is  expended  on  the  dir¬ 
ect  resistance  of.  the  point-contact  diode  D*,  the  direct  resistance  of 
the  ^unction  diode  D0  and  on  the  internal  resistance  of  the  source  of 

1J  it 
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the  main  pulses.  The  most  considerable  power  losses  occur  on  the  in¬ 
terriel  resistance  and  therefore  it  should  be  as  low  as  possible.  : 

Owing  to  the  existence  of  a  finite  time  for  the  space “Charg¬ 
ing  of  the  holes  ,  a  junction  diode  can  serve  not  only  for  puls®  ampli¬ 
fication  but  also  as  a  memory  element  and  can  be  used  in  a  dynamic 
•  trigger  Circuit 8  If  a  signal  from  the  amplifier  output  arrives  at  the 
input  after1 some  delay  for  the  regeneration  of  the  conduction  state  of 
the  diode,  then  the  pulses  MP  will  be  passing  through  continuously* 

The  result  is  a  trigger  with  two  stable  states  and  characterised  by  j 

! 

i  the  absence  or  presence  of  the  pulses  on  the  output  (Figure  Hi)*  The 
positive  pulse  from  the  amplifier  output  passes  along  the  line  and 
'after  being  reflected  from  its  open  end  returns  with  the  same  polarity 
and  triggers  the  diode*  The  time  between  this  pulse  and  the  MP  may  be 
brief.  The  Inconvenience  of  this  circuit  is  that  a  comparatively  bul-j 

i 

k y  element,  such  as  the  delay  line,  has  to  bs  used  for  its  construe-  ] 

i 

tion *  *  ' 

t 

Dynamic  memory  elements  with  junction  diodes  have  so  far  been  ! 

j 

little  investigated.  However,  already  now  it  may  be  stated  that  they  | 

i 

are  of  great  interest  owing  to  their  simplicity* 

POINT-CONTACT  DIODE  TRIGGER  WITH  A  NEGATIVE  REGION  OF  THE  CHAR¬ 
ACTERISTIC.  The  development  of  the  method  for  obtaining  point-contact 
diodes  with  S~type  volt-ampere  characteristic  ^30 J  made  it  possible 


to  construct  simple  trigger  circuits.  Diodes  consisting  of  silver 

!  contact  springs  -with  an  admixture  of  arsenic  and  germanium  n-type 
i 

i  cry stals  were  subjected  to  electrical  forming*.  This  ms  achieved  by 
the  short-daretioft.  gating  of  the  current  pulses  of  several  amperes 
until  the  diode  characteristic  was  transformed  into  S-iype  character¬ 


istic. 
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Figure  1U*  Dynamic  trigger  "  | 

with  function  diode  (delay  j 

line  is  used  .for  the  trans-  Figure  15*  S-type  characteristic  oi  j 
mission  of  the  feedback  a  point-contact  diode  and  bistable 

signal) ►  trigger  circuit-  on  it.  j 

l 

Diodes  having  S~type  characteristic  may  be  utilised  for  the 

i 

construction  of  a  circuit  with  two  stable  states.  For  this,  it  is  i 

i 

•  necessary  to  so  loot  proporljr  the  voXteg©  \hq  the  load  rssxs  banco  j 

i 

R  (Figure  15)*  Corresponding  to  one  of  the  stable  states  is  point  a,  j 

! 

J and  to  the  other  -  point  b.  With  such  diodes  it  is  possible  to  design 
trigger  memory  cells,  logical  circuits  without  signal  attenuation, 
different  prise  generators  and  shapers*  These  circuits  are  simpler  1 
than  the  circuits  with  semiconductor  tr lodes*  The  frequency  of  the 
: control  pulse  train  may  amount  to  several  megacycles  per  second,  where-J 
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as  in  the  circuits  with  triodes  it  does  not  exceed  200-300  kilocycles 
per  second  at  the  present  time® 


Designs  for  the  Heaents  and  Subassemblies 
of.  a  Computer  Based  on  the  Use  of  Dynamic 
Trigger  with  Point-Contact  'fried© «, 


BSOTIPISH.  Dynamic  trigger  with  maaory  capacitor  represents  | 
a  combination  of  rectifier  which  is  a  necessary  part  of  the  machine,  j 
and  of  an  amplifier.  The  series-type  pulse-potential  rectifier  (Pig-  j 
•are  16)  operates  on  the  qij&atitabive  principle.  Therefore,  in  order  j 
to  secure  a  clear  and  reliable  performance  of  the  rectifier,  it  is 
necessary  to  stabilise  the  level  of  the  inert  poise.  The  advantage  of! 


G’Xbrmf 
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figure 


To  the  trigger  i 


16.  Rectifier  on  the  Foiit-Oontaot  Srleae. 
such  a  rectifier  is  the  availability  of  the  potential  control  and  at sc 

that  no  synchronisation  of  the  input  pulse  is  required  for  this.  The 
rectifiers  of  a  purely  pulse  type  (in.  the  majority  of  cases  the  diode 
rectifiers  )  may  be  utilised  in  a  number  of  subassemblies  ifliere  the 
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|  coincidence  of  the  pulses  is  easily  achieved  £3 !_/« 

In  the  circuit,  of  a  pulse -type  parallel  diode  rectifer  shown 

in  Figure  17*  the  transformers  are  arranged  on  the  input  and.  the  out-  j 

put  signal  is  picked  off  from  the  resistor  In  the  absence  of  | 

signals,  the  current  from  the  source  passes  through,  the  resistor  R^  j 

and  through  both  diodes  Dq  and  D2*  In  this  case,  the  potential  on  the| 

output  approaches  aero  since  it  is  equal  to  the  magnitude  of  the  voll~| 

| 

age  drop  on  the  direct  resistance  of  the  diodes,  or  approximately  0.5  | 
volts.  Upon  the  arrival  of  the  signal  at  one  of  the  inputs,  the  cor-  j 
responding  diode  is  cut  off.  However,  the  potential  on  the  output  | 
changes  little  since  the  current  continues  to  flow  through  the  second  j 
diode.  If  however,  two  signals  arrive  simultaneously,  then  both  di¬ 
odes  arc  cut  off  at  the  same  time  and  the  current  heads  through  the  j 

i 

resistor  into  the  load  resistance  F.j*  The  magnitude  of  false  sig-j 
nals  in  such  a  rectifier  depends  on  the  ratio  of  the  resistance  R^  | 
and  the  transformer  impedances.  The  suppression  of  false  signals  is 

i 

achieved  to  a  considerable  dGgr.ce  by.  the  introduction  of  a  small  ■  ..  | 

positive  voltage  through  the  diode  B^*  j 

'  I 

i 

j 

ADD  Si .  In  the  computers,  the  adder  is  utilized  chiefly  in  the  ; 
control  devices  for  the  addition  of  the  series  pulses,  code  storage 
for  unlimited  time  and  for  the  presentation  of  the  code  on  the  decoder 
after  every  addition  of  unity.  All  the  digits  of  the  adder  can  be  set 


I  at  any  time  at  zero.  The  frequency  of  the  pulse  arrival  in  high-spee 


computers  Is  very  high  while  the  setting  process  of  all  digits,  must  j 
ho  completed  in  the  time  less  than  the  period  of  the  pulse  series. 

The  more  digits  in  the  adder,  the  more  difficult  it  is  to  carry  out 
this  requirement  and  therefore  the  high-speed  devices  are  provided 
with  a'  rectifier  circuit  for  a  through  transfer,  this  circuit  assuring 
a  fast ‘passage  of  .the  pulse  along  the  adder.  With  this  method  of  coup¬ 
ling  it  is  possible  to  dispense  with  the  counter  input  in  the  trigger. j 


&>)  h )  ! 

Figure  17.  Diode  pulse  rectifiers i 

a  -  coincidence  rectifier?  b  -  non~-eoinciden.ee ( inhibit ) 

rectifier. 

An  adder  with  dynamic  triggers  (Figure  16)  is  arrangement  in  the 
following  manner.  Located  on  the  input  is  the  pulse  synchroniser  PS 


|  differing  from  the  trigger  in  that  in  it  a  negative  feedback  is  used 

i 

1 

J  instead  of  a  positive  feedback.  A  pulse  arriving  at  any  arbitrary  in-’ 
stant  charges  the  capacitor  and  creates  the  conditions  for  the  passage 
of  the  first  pulse  MP  which  discharges •  the  capacitor  through  the  feed¬ 
back  circuit,  as  the  result  of  which  the  next  pulses  MP  already  do  not 
pass  through*  The  synchroniser  is  intended  for  the  coincidence  of  the 
beginning  of  addition  with  the  beginning  of  the  pulse  arrival  MP  and 
for  securing  thereby  the  completion  .of  the  changeover  process  before  .• 
the  arrival  of  the  new  puls  MP. 

After  the  synchroniser,  the  pulse  heads  directly  to  the  recti¬ 
fier  of  the  transfer  circuit  and  also  through  the  delay,  line  DL  of 
the  first  digit.  If  there  is  already  unity  in  the  first  digit  place, 
then  the  transfer  rectifier  Bj  is  cut  In  and  the  pulse  passes  to  the  j 

next  digit  place  until  it  finds  a  digit  place  with  the  zero  code  on  1 

i 

which,  unity  is  then  set.  ! 

i 

A  delay  in  the  unity*  setting  circuit  is  necessary  in  order  that  j 

i 

the  rectifiers  are  not  cut-in  before  the  input  pulse  ends,  i.e.  the  ; 
magnitude’  of  the  ddLay  should  be  equal  approximately  to  the  width  of  the 
pulse  (OS  f  0.6  microseconds).  In  those  digit  places  where  there  is 
unity,  the  aero  setting  is  -accomplished  by  the  pulse  passing  through 
the  rectifier  and  the  delay  line  in  the  zero  setting  circuit.  The  mag¬ 
nitude  of  this  delay  must  be  greater  than  the  delay  in  the  unity  set-  ^ 
ting  circuit  by  one  more  pulse  width  (1  *•  1*2  microseconds). 


«# 


Key  to  Figure  18;  See  page  3?b 
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Adder  with  dynastic  trigger! 
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a  -  structural  di  a  grata;  b  -  the  basic  circuit  diagram 
of  one  digit. 
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fhe  number  of  digits  in  an  adder  depends  on  the  frequency  and 
the  duration  of  the  pulse  delay  in  the  rectifier  and  in  the  transfer 
circuit  amplifier,,  the  delay  comprising  about  0.l£  microseconds  par 
cascade* 


B330OS2R ,  The  purpose  of  the  decoder  consists  of  sending  the 
signal  to  the  bus  which  corresponds  to  the  number  set  in  the  adder. 

A  three-digit  binary  register  can  store  ©xgnt  different  binary 
numbers.  Corresponding  to  this,  £  three-digit  decoder  (Figure  19)  has 
eight  output  buses.  Each  bus  is  connected  by  one  terminal  through  the 
resistor  to  the  source  of  negative  voltage  F«.  A  low  level  of  the  po- 


-IS 


&YA 

“3?1 ' w,M>*"*"**" 


4— JL 

T*  0 


b1 — ;rr 


\e  /  \o\t\  \6\t 


(a)  Sta  tic 


rigger 


i  v  S  '  V‘l  \ 


^  v«u 


£g  Output  puls© 
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tential  on  a ay  bus  can  occur  only  when  all  diodes  appropriate  to  a  bus 

are  cut'  off.  For  example,  on  bus  5,  a  low  potential  will  occur  whoa 

there  is  unity  on  the  first  trigger,  aero  -  on  the  second  and  unity  - 
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j  on  the  third  which  corresponds  to  number  5  in  the  binary  system*  .  | 

i  • 

:  Daring  thiss  the  level  of  the  potential  will  be  approaching  aero  on  j 

all  of  the  remaining  buses*  j 

I 

When. -using  dynamic  triggers  for  the  decoder  control,  an  output 
of  positive  arid  negative  pulses  must  be  secured  from  each  trigger*  In. 
•this  casfe,  the  diode  matrix  consists  both  of  the  coincidence  rectifi¬ 
ers  and  the 'non-coincidence  rectifiers*  Each  bus  is  connected  by  the 
rectifiers  to  the  digits  farming  the  number  code.  Arriving  at  these 
rectifiers  are  the  positive  pulses  from  the  transformer  coils  the  low¬ 
er  terminals  of  which  are  connected  to  the  negative  voltage.  E^»  With  j 

all  of  the  remaining  digits,  this  bus  is  connected  by  non-coincidence  } 

»  .  | 
(inhibit)  rectifiers.  j 

i 

Upon  the  arrival  of  a  negative  pulse  at  even  only  one  of  these  ( 

digits,  the  corresponding  diode  is  triggered  which  prevents  the  ap~  j 

pearance  of  a  positive  pulse  on  the  output.  For  the  selection  of  the  1 

j 

code  from  the  decoder,  a  pulse  is  sent  through  an  auxiliary  coined-  j 
dense  rectifier  to  each  bus  from  the  synchronous  pulse  source  con- 

i 

trolled  by  the  output  rectifier,  j 

i 

Principles  of  the  Construction  of  the  file- 
meats  and  Subassemblies  of  a  Computer  Based  j 

on  the  Use  of  Static  Trigger  with  Junction  j 

Triodes ,  j 

KJTEK T IA L-FU ISE  RECTIFIERS.  When  using  a  static  trigger  as  the 
basic  memory  element,  utilised  in  the  majority  of  cases  are  the  poten- 


.i 


‘  tial-pulse"type  rectifiers  which  can  be  constructed  both  with  the  di- 

i 

j  odes  and  junction  triodss„ 


one 


The 


triode. 


Lagram  represented  in  Figure  20 
The  control  potential  is  trans 


a,  shows  a  rectifier  with 
netted  to  the  triode  base 


/ 


Figure  20 e  Junction  triode  rectifiers.  | 

from  the  trigger  ana,  the  input  pulse  arrives  at  the  emitter  and  Hie  j 
output  pulse  is  picked  off  from  the  collector  load.  Such  rectifier  j 
operates  on  the  quantitative  principle  which  is  associated  with  the  | 
necessity  for  the  stabilisation  of  the  input  signal  level.  The  recti¬ 
fies’  represented  in  the  Figure  20  b,  operates  on  the  qualitative  prin¬ 
ciple,  The  signal  is  delivered  on  the  output  only  when  both  triodes 
are  triggered.  Such  a  rectifier  my  have  several  inputs  and  in  this 
case  a  larger  number  of  triodes  are  cut  into  a  series  circuit. 


ho 


!  The  drawback  of  both  of  these  circuits  is  the  largo  magnitude 

|  of  tbs  output  pulse  delay  which  comprises  about  0,3'  microseconds. 
Another  drawback  is  the  increase  in  the  pulse  width  due  .to  the  long 
s  pa  c  e  «*c  ha  r  pe  t  line , 


The  drawbacks  mentioned  above  have  been  eliminated  in  the  rec-  } 

i 

tifier  shown  in.  Figure  20  c.  In  this  case  the  signal  arrives  at  the  j 
emitter  repeater  which  reproduces  the  pulse  almost  without  distort-  | 

j 

tions .  For  cutting  off  the  rectifier,  the  output  circmit  is  short-  , 
circuited  by  another  triode.  However,  this  circuit  is  not  free  from  j 
shortcomings  either.  If  the  rectifier  is  cut  off,  the  signal,  power  is  j 
wasted,  and  the  input  of  the  circuit  for  which  the  rectifier  is  oper-  j 

i 

ating,  proves  to  be  short-circuited  to  the  ground  for  the  signals  ar-  j 

1 

riving  from  the  other  circuits »  The-  use  of  one  or  two  triodes  for  I 

*  | 

each  rectifier  is  inefficient,  especially  if  there  is  a  large  number  j 
of  rectifiers  in  the  circuit.  Therefore,  for  the  majority  of  circuits  ! 
it  is  more  expedient  to  use  diode  rectifiers  which  are  characterised  ! 

i 

by  simplicity,  small  magnitude  of  the  delay  and  a  slight  distortion  of  ; 
the  pulse.  Most  suitable  for  work  with  a  static  trigger  are  the  par-  j 
allot  diode  rectifiers  operating  on  the  purely  qualitative  principle  j 
(Figure  21).  The  potential  input  of  these  circuits  is  connected  di¬ 
rectly  to  the  collector  of  the  trigger  cell  triode.  When  there  is  aero 
potential  on  the  trigger  control  arm,  i«e.  when  the  triode  is  conduct¬ 
ing,  the  rectifier  controlled  by  negative  signals  is  cut  off.  However, 
when  this  triode  is  cut  off,  there  will  be  a  negative  voltage  level  IU 


on  its  collector,  ahd  the  appearance  of  a  negative  pulse  on  the  pulse 


Figure  21 «  Diode  rectifiers: 

a  «  the  circuit  is  controlled  by  negative  signals  $ 
b  -  the  circuit  is  controlled  by  positive  signals. 


the  appearance  of  a  negative  signal  on  the  output,  the  magnitude  of  j 
this  signal  being  limited  by  the  level  E0«  Thus,  the  rectifier  shown, 
ill  Figure  21a.  is  a  load  for  the  conducting  triode  of  the  trigger,  and 
the  rectifier  represented  in  Figure  21  Bs  forms  a  load  for  the  cut-off  ■, 

triode  of  the  trigger.  j 

The  advantage  of  the  rectifiers  considered,  is  that  their  output 

can  be  connected  directly  to  the  base  of  the  amplifier  or  of  the  emit¬ 
ter  repeater  *  A  small  negative  bias  of  about  0.5-1  volts  should  be. 
applied  to  the  emitter  for  the  elimination  of  false  signals.  The  draw- 


|  back  of  the  diode  rectifiers  is  the  low  power  on  the  output  which 
i  causes  the  necessity  for  the  amplifying  cascades 


ADDER.  Used  in  the  adder  circuit  shewn. in  Figure  2.2  is  the 
counting  input  of  a  trigger  with  the  starting  by  positive  pulses.  In 

| 

addition  to  the  trigger ,  there  are  in  every  digit  place  two  amplifiers  j 

| 

which  shaoe  the  pulse  for  starting  the  trigger  and  also  a  diode  recti-  i 

...  ■  ■  i 

fler  and  emitter  repeater  £  in  the  through -transfer  circuit  which  ; 

j 

secure  the  maximum  high-speed  operation  of  the  adder*  Distorting  the  j 

pulse  negligibly,  the  emitter  repeater  makes  it  possible  to  obtain  a  i 

sufficient  power  amplification  to  compensate  for  the  losses  in  the  rec- 
' 

tifier  and  for  the  transmission  of  the  signal  to  the  starting  circuit. 
The  necessary  delay  due  to  the  •  pul.se  width  in  the  starting  circuit  is 
the  result  of  natural  delay  in  two  amplification  cascades. 

j 

Per  starting  the  trigger  it  is  necessary  to  send  &  positive  j 

pulse  having  a  voltage  of  1.5-2  volts  and  the  width  of  which  should  i 

not  exceed  0,5  microseconds.  If  the  width  should  be  greater,  then  j 

| 

owing  to  the  presence  of  diodes  to  the  starting  circuit  the  undesirables 
direct  'current  will  appear  which  disturbs  the  condi uions  ot  ut. igg&2 
operation  at  high  frequencies.  It  is  impossible  to  obtain  a  pulse  of 
Buck  duration  and  stable  amplitude  directly  from  the  amplifier  on  a 
function  triode  because  of  the  poor  frequency  properties  of  the  exist- 
in;?  triodes  and  because  of  the  large  spread  of  the  magnitude  (X’« 


Therefore,  a  rectangular  pulse  with  steep  fronts  forms  on  the  output 
of  the  second  amplification  cascade*  The  pulse  required  for  starting 
is  .formed  by  means  of  the  differentiation  of  the  forward  front  which 
is  approximately  the  same  for  different  trio dec*  By  this  method,  the 

! 

dependence  of  the  circuit  operation  on  the  spread  of*  the  triads  para¬ 
meters  is  eliminated  to  a  considerable  degree *  Placed  in  the  emitter 
circuit  of  all  amplifier  triodes  are  resistors  of  HO  ohms  intended 
for  the  prevention  of  accidental  build  -up  of  the  collector  current 

|  '  i 

which  may  cause  a  breakdown.  In  order  to  eliminate  the  passage  of 
false  signals  in  the  transfer  rectifier,  a  negative  bias  of  about 
1  volt  is  applied  to  the  emitter  of  the  repeater  Tij.  The  positive  bias( 
of  the  base  in  the  trigger  comprises'  0*1  *  0*35  volts  depending  on 
•the  magnitude  of  the  starting  pulse  and  the  general  conditions  of  the 
power  supply.  For  the  triads  P  1  E .  E^®  -12  volts j  E0»  -  5  volts j  ■ 


E,"  -  1  volts  !„•  *0*25  volts.  Those  conditions  may  vary  within  a  | 
1.  *  c 

very  wide  range  with  corresponding  changes  In  all  voltages* 

I 

'fht:  maxiaam  frequency  of  fee  circuit  operation  depends  on  the  ] 

t 

j 

type  of  the-  tr lodes  need*  TShen  using  triodes  P  1  E  and  P  1  1,  the 
operating  frequency  of  the  adder  comprises  2>0  f  30  kilocycles  per 
second  and  the  number  of  the  cascades  amounts  to  6-8*  At  the  same  time 
the  delay  of  the  si  goal  in  the  transfer  link  does  not  exceed  1-1.5  micro** 
seconds  for  the  entire  circuit.  ■  Basically,  the  operating  rate  is  lim¬ 
ited  by  the  duration  of  the  rear  front  in  the.  trigger  proper.  The  use 
of  higher-quality  triodes,  for  example  p6G  makes  it  possible  to  raise 


1 


the  frequency  to  5>00  kilocycles  per  second. 

SHIFT  REGISTER.  Arising  frequently  in  the  arithmetic  device 
of  a  computer  is  the  necessity  of  shifting  a  number  by  one  or  several 
digit  places  to  the  right  or  to  the  left.  This  operation  is  performed 

i  ;  _ 

with  the  aid  of  a  special  shafting  circuit  (Figure  23). 

* 

•  The  main  pulse  of  the  shift  is  applied  to  the  rectifier  B  in 
the  unity  setting  circuit  of  each  digit.  This  rectifier  is  controlled 
from  output  1  of  the  adjacent  digit.  If  unity  is  standing  in.  tire 
adjoining  digit  place*  then  the  rectifier  is  cut  la  and  the  shift 

i 

pulse  sets  unity  in  s.  given  digit  place  irrespective  of  the  preceding  j 

! 

I  code.  The  main  shift  pulse  ISP  is  sent  through  the  non -coincidence 
rectifier  Br,  to  the  aero  setting  circuit  with  a  slight  delay  relative 

i 

to  the  main  shift  pulse  HP.  Arriving  at  the  Inhibit  input  of  the  rec~j 

tifier  Br;  is. the  pulse  from  the  unity  setting  circuit.  In  this  case  ! 

{ 

the  prd.se  does  not  rasa  through  into'  the  zero  setting  circuit.  If 

‘  ! 
however*  zaro  set  in  the  adjoining  digit  pls.ce*  then  the  pulse  does 

;  not  enter  the  unity  setting  circuit*  the  rectifier  will  be  cut  in* 

|  and  the  pul.se  MP3  will  set  aero  in  tills  digit  place.  The  delay  of 

i 

the  pulses  MSP  relative  to  MP  must  be  equal  to  the  delay  in  the  aopli-j 

l 

fier  circuit  of  the  pulse  arriving  at  the  inhibit  input  of  Bn  and  com¬ 
prises  0o3~0ch  microseconds. 

No  preliminary  setting  of  the  digits  into  zero  position  is  re¬ 
quired  in  this  circuit*  and  the  shift  accomplished  in  the  period  of  a  . 


tipping-over  of  the  triggers.  This  is  of  substantial  value  for  rais¬ 


ing  the  rate  of  the  operation,  especially  in  the,  case  of  circuits 
based,  on  junction  trioies.  The  necessity  for  the  presence  of  ampli¬ 
fiers  in  the  zero-setting  and  unity-setting  -circuits  is  explained  by 
the  accelerated  starting  of  the  triggers  which  requires  considerable 
signal  power.  The  signal  arriving  at  the  inhibit  rectifier  also  re- 
Quires  amplification •  Emitter  repeater  E  and  an  amplifier  are  used 


for  this  pur pc? 


>tru< 


Figure  23.  Shift  register* 

:tural  diagram;  b  -  the  basic 
of  one  digit. 


circuit  diagram 


I 


Direct-Coupled  Circuits . 

Based  on  the  utilization  of  direct  couplings,  there  cars  be  con- 
structed  a  large  number  of  circuits  which  stay  oe  used  in  the  build- 
ing  of  all  the  principal  subassemblies  of  a.  computer.  These  circuits 


it  8 


Figure  Circuits  "baaed  on  direct-coupled  tr lodes 

a  ~  circuit  JJ£D;  b  -  circuit  OB 
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are  extremely  simple  and  therefore  hold  large  promise  in  the  computer 
!  technique.  The  advantages  of  the  direct-coupled  circuits  can  be  real-* 

t 

) 

Ised  to  full  extent  only  through  the  use  of  surface-barrier  triodes 
possessing  good  frequency  properties  and  which  are  most  suitable  for 
the  construction  of  such  circuits  by  parameters . 

■  '  ■  .Serving  as  the  basic  element??  for  the  creation  of  dir 0 c t ~c o upla d 

logical  circuits  are  circuits  AM)  or  OR  (Figure  2h}»  Circuit  Altf-D 

I 

emits ‘ a  signal  only  if  there  is  a  negative  potential  on  all  of  its  in- ; 
puts  (in  this  case  o$  three  inputs).  During  this.,  all  the  triodes  are 
triggered,  and  the  potential  on  the  output  (the  magnitude  of  this 
potential  being  equal  to  the  sum  of  residual  voltages  on  the  triodes 
1  cut-in  in  the  link)  approaches  zero.  This  potential  must  be  sufficient 
for  the  cutoff  of  the  other  triode  connected  to  tire  circuit  AMD.  •  | 

If  tiie  control  is  accomplished  from  the  triggers,  then  up  to  i 

..  .  I 

five  triodes  can  be  connected  to  such  a  chain.  j 

The  circuit  OR  is  designed  for  the  division  of  circuits  operat-  | 

I 

ing  for  a  single  load.  The  signal  vrj.ll  appear  on  the  output  if  there  ; 
will  be  a  negative  potential  even  on  only  one  input. 

Jr.  Figure  2j?  is  represented  the  diagram  of  one  digit  of  a  half¬ 
adder,  this  diagram  illustrating  the  use  of  the  circuits  AMD  and  OH 
in  the  combination  of  one  with  the  other*  Stored  in  the  trigger  cells 
1  and  2  are  the  codes  of  the  first  and  second  numbers.  Upon  sending  a 
periodic  pulse,  a  partial  sum  is  set  in  cell  3  and  in  cell  ii  —  the 
.  transfer  code  to  the  next  digit. 


—  So 


j  Xn  the  sum  cell,  unity  is  set  only  in  the  combination  of  0  | 

and  X  or  X  and  0.  In  the  transfer  cell,  unity  is  set  in  the  com-  * 

i 

Monti  on  of  1  and  1* 

The  output  of  the  logical  circuit  has  the  load  resistance  .in  . 
coman  with  the  trigger  triode  and  the  changeover  of  the  trigger  oc¬ 
curs  as  the  result  of  grounding  the  collector  of  this  triode  through 

I 

some  branch  of  the  circuit.  I 


Up  to  the  present  time  there  is  no  ultimate  principle  for  the 
design  of  semiconductor  circuits  of  digital  computers .  This  is  ex- 

i 

plained  first  of  all  by  the  Imperfection  of  the  existing  crystal  de~  j 

vices  and  by  the  insufficient  accumulated  experience.  With  every  day  ; 

> 

the  semiconductor  devices  are  being  improved.  This  applies  especial- j 
•  ly  to  the  junction  triodes.  Recently  there  have  appeared  the  surface-] 
barrier,  diffusion,  silicon,  pnip-type  and  other  triodes,  tetrodes,  i 
indium-coated  and  silicon  diodes,  ana  also  diodes  with  the  descending  , 
regions'  of  volt-ampere  characteristics. 

The  adoption  and  mass  production  of  high-quality  semiconductor 
devices  have  at  the  present  time  a  particularly  importance  significance 
for  the  development  of  computer  technique. 


51 


BIBLIOGRAPHY  j 

Xebedev,  S.  A®  -  Electronic  Computers*  Work  of  the  Session, 
on  the  Scientific  Problems  of  Industrial _  j 
Automa tio n,  Publication  by  the  Academy  of  j 
Sciences  USSR,  1956 

mode  Input  Device,  Report  of  the  Institute  of  Precision 

Mechanics  end  Computer  Technique,  Academy 
of  Sciences  USSR,  1 9%h* 

Sluts.  ?u  J.  -  Memory  Studies  and  Other  Development  at  the 
IBS./  Interim  t.  Symposium  on  Automat  is  Com-  j 
platers,  1953,  March,  London,  2l7~23h« 

"  i 

Pelker,  J.  H.  -  Performance  of  TRAD XC  Transistor  Digital 

Computer,  Proc.  Eastern  Joint  Comp.  Conf.,  j 
fhys.  8-10,  December  195k,  1*64*9.  j 

Siirskins,  Q«  W.,  Vogelsong,  J.  H.  -  Transistor  Amplifiers  i 
for  Use  in  a  Digital  Computer,  PIPE,  v.  hh, j 
Ho,  l,  1956,  pp*  1*3-55  •  j 

Yfesser,  J.  P..  -  Circuits  in  Semiconductor  Devices,  Trans-  . 

la  ted  from  French,  Edited,  by  Yas  A*  Fedotov, 
^Soviet  Radio”  Publishing  House,  1956  ! 

Trent.  R,  L.  -  Two-Transistor  Binary  Counter,  Electronics,  ; 

v„  25,  Ho.  7,  PP*  100-101,  1957«  | 

j 

Proc,  IKS*  Vo  hO,  No.  11,  1952  (Transistor  issue).  j 

Roddasi,  T.  -  Transistors.  Stabilizing  the  Working  Point,  j 

v.  59,  No.  7,  1953,  pp.  313-3  and  also  Nos.  6, 

8. 

Williams,  F.  G.,  Chaplin,  G*B.  -  A  Method  of  Designing. 

Transistor  Trigger  Circuits,  PIRE,  part  III 
v.  100,  No.  66,  July  1953,  pp.  2204*8.  j 


Mayorov,  F.  V.  -  Electronic  Regulators,  Gostekhizdat  (State 
Technical  publishing  House),  1956. 

yfork  of  the  All-Union  Conference  on  Computer  Technique, 
12-17  of  March,  1956. 


52 


Golovistlkor^,  p,  P,  -  Utilization  of  Dynamic  Triggers  with 

Memory  Capacitor.  Work  of  the  Con-” 
ference  oh  the  "Paths  of  the  Devel¬ 
opment  of  Soviet  Mathematical  Mach¬ 
ine  Building  and  Instrument  Making*, 
V3KITI,  Moscow,  1958. 

' 

Ziraarev,.  4,  13.,  Zevdenberg,  V*  K.  Lender,  Ye.  F.,  Senator-) 

ov,  Yu/ 1.  -  Some  Problems  of  Designing  the  Arithmetic  Be-j 
vice  of  a  Computer  Operating  in  parallel  Fa-  j 
shion  with  Germanium  Point-Contact  Devices  ini 
Same . 

Ebers,  J.  J.  and  Moll,  J.  H.  -  Large-Signal  Behaviour  of 

Junction  Transistors.  Pros.  IRE,  v*  12,  No*12 
l$5h,  1761-1772. 


Moll,  J.  H»  -  Large-Signal  Transient  Response  of  Junction 
Transistors,  Proc*  IRE,  v*  1|2,  No.  12,  1954, 
1773-1776. 

Kingston,  R.  H.  -  Switching  Time  Junction  Diodes  and  Junc¬ 
tion  Transistors,  Proc.  IRE,  v.  U2,  No*5, 
1951;,  1951,  ppc  829-831. 

Lax,  B»  and  Keustadter,  3.  P»  -  Transient  Response  of  a  j 
p»ji  Junction,  Journal  of  Applied  Physics, 

v6  25,  No.  9,  1951,  pp*  1143-1151. 

Webster,  W .  M.  -  Oh  the  Variation  of • Junction-Transistor 

Current-Amplification  .Factor  with  Emitter 
Current,  Proc.  IRE,  v*  12,  Mo*  6,  1951,  j 
$11-920.  I 

prugh.  T.  A.  ~  Junction  Transistors  Switching  Circuits, 
Electronics,  v»  20,  No.  1,  1955,  168-171. 

Flood.  J.  E. -Junction  Transistor  Trigger  Circuits,  Wire- 
loss  Eng.,  v.  32,  No.  5,  1955,  122-130. 

Electr.  Oornmin.,  v.  32,  No.  2,  1955,  112-117* 

The  Surf  a  ee  -Barrier  Transistor,  Proc.  IRS,  v.  1}1,  No*  Li, 

1953,  1702-1712. 

Beter,  R.  H.,  Bradley,  W.  E.,  Brown,  R.  B.,  Rubinoff,  M.  - 
Surface-barrier  Transistor  Switching  Circuits, 
Electronics,  v.  28,  No,  SL  1955 »  13 2-134. — . 


53 


1 

XT1E  Convention  Record,  p*  U,  1 955,  138*-Hs5.  j 

T/lodo  iistlifier,  T5*t.ior*3  Bur*  Stand.  Techru  Nera  Bull*,  ; 

V.  jO,  ttO.  .tv.-,  | 

Diode  Amplifier.  Journ.  fasanklin  Inst.,  v*  £5S,  !lo*  o,  j 

Decesfcer,  X95i,  5&1-503.  ; 

Steele,  B»  1*  -  Charge  Storage  in  Junction  Modes,  Journal : 

of  Applied  Physics,  v.  #,  Ko.  7,  1935,  j 
9  it> -918.  | 

| 

Kussov,  L.  V/*  -  Semiconductor  Diodes  Gates,  Sell  kystegt  i 
?echnt.  J.,  v.  32,  tis,  5,  1953  9  1137-1155.  i 

Brace,  C.  B»,  Logue,  J*  C.  -  An  E^rfcnent&l  Transistor-  ! 

iaed  Calculator,  Electrical  eng*,  v«  74,  «o. ; 

12,  1955*  ; 

Transistor  Digital  Coaffraters*  Wireless  World,  v.  62,  JJo. 

•  May  1956,  a.O-212.  j 

Rapid  Inf  oration.  CoKsyuter  T  <?.  ohniep.  >.e ,  toy  19>o,  Mo*  lu  *  • 


1661 


FOE  REASONS  OF  SPEED  AND  ECONOMY 
THIS  REPORT  HAS  BEEN  REPRODUCED 
ELECTSOniCAlLY  DIRECTLY  FROM  OUR 
.  .  CONTRACTORJS  TYPESCRIPT 


THIS  PUBLICATION  HAS  PREPARED  UNDER  CONTRACT  TO.  THE 


A  FEDERAL  GOVERNMENT  ORGANIZATION  ESTABLISHED 
TC  SERVICE  THE  TRANSLATION  ADD  RESEARCH  DEEDS 
OF  THE  VARIOUS  GOVERNMENT  lEPASlMBBlB 


